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Abstract 
The mission and constellation design for acquiring weather images of Taiwan, Republic of 
China, is presented. The constellation is constituted of the low-cost microsatellites similar to 
TUUSAT (Taiwan Universities United Satellite), which employs the passive magnetic attitude 
control system and the imagery system of miniature cameras. The mission requires acquiring at 
least one image covering Taiwan per hour. The coverage requirements, Access coverage zone, 
Access coverage, and Access coverage gap, are defined according to the constellation design. The 
Walker constellation method is employed to calculate the minimum satellites in constellation for 
the mission requirements. The imagery system of multi-cameras and the 0/14/14  Walker 
constellation is adopted to acquire the images of targets located in the certain specified latitude 
band per hour. Our design also can be applied to observe the moving target in the specified 
latitude band, such as typhoon, for the same mission requirement of acquiring at least one image 
per hour. 
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( )2111 , mmBB θθ=   3600 1 ≤≤ mθ , 45 2 <≤− mθ                       (3) 
( )2122 , mmBB θθ=   3600 1 ≤≤ mθ , 134 2 <≤ mθ                       (4) 
( )2133 , mmBB θθ=   3600 1 ≤≤ mθ , 2013 2 <≤ mθ                      (5) 
( )2144 , mmBB θθ=   3600 1 ≤≤ mθ , 2620 2 ≤≤ mθ                      (6). 
? 6?????????????? sB ????????????14/14/0???????
???????????? sB ????????????????? 
?????? 
???????????????????????????????????????
???????? wB ? 
( )21, ggww BB θθ=       135115 1 ≤≤ gθ , 3016 2 ≤≤ gθ               (7). 
?????? 2001??? 28~31??????-????(? 7)????????????
? 102?????????? 127??????????? 56?????????? 37.638
?????????????????? 
 4
???? 
1. White, J., “Microsat Motion, Stabilization, and Telemetry,” Radio Amateur Satellite 
Corporation-North America Journal, Vol. 13, No. 4, 1990,pp. 13–30. 
2. Lu, R. A., “Building ‘Small, Cheaper, Faster’ Satellites within the Constraint of an 
Academic Environment,” 9th Annual AIAA/USU Conf. on Small Satellites, Sept. 1995.  
3. Menges, B. M., Guadiamos, C. A., and Lewis, E. K., “Dynamic Modeling of Micro-Satellite 
Spartnik’s Attitude,” Region VI AIAA Student Conf.,April 1997.  
4. Ovchinnikov, M., and Pen’kov, V., “Attitude Control System for The First Swedish 
Nanosatellite MUNIN,” Acta Astronautica, Vol. 46, Nos. 2–6, 2000, pp. 319–326. 
5. Hong, Z. C., Lin, C. H., and Lin, H. J., “Imagery Payload Design for Passive Magnetically 
Stabilized Microsatellite,” Journal of Spacecraft and Rockets, Vol. 40, No. 3, 2003, pp. 
396–404. 
6. Lin, C. H., Shih, C. H., and Chuang, C. K., “The Passive Magnetic Stabilization used 
Magnetic Rods for a Microsatellite TUU SAT-1,” International Astronautical Federation, 
Paper IAF-ST-99 -W.1.06, Oct. 1999. 
7. Hong, Z. C., Lin, C. H., and Chang, W. C., “The Design and Analysis of Magnetic Attitude 
Control System for Micro-satellite,” Final Rept. Of National Science Council, 
NSC-90-2213-E-032-009, Taipei, 2002.  
8. Moshe, B. L., Leonid, S., and Vola, L., “EROS System-Satellite Orbit and Constellation 
Design,” the 22nd Asian Conf. on Remote Sensing, Nov.2001.  
9. Lang, T. J., andWilliam, S. A., “A Comparison of Satellite Constellation for Continuous 
Global Coverage,” Proceedings of the Mission Design and Implementation of Satellite 
Constellations, 1997, pp. 51–62.  
10. Shieh, S. L., Wang, S. T., Cheng, M. D., Yeh, T. C., and Chiou, T. K.,“User’s Guide for 
Typhoon Forecasting in the Taiwan Area (VII),” Atmospheric R&D Center, CentralWeather 
Bureau, Technique Rept. WB87-1M-01, Taiwan, June 1998, p. 171.  
???????? 
??????????????????????? 
z ???????????(Constellation Design)???Walker delta pattern??????
??????????????????????? 50 ??? 1 ?????????
????????????? 
z CCD ?????CCD ????????????????????????????
???????????????????????????? 
????????????????????????????????? Walker 
Constellation??????? 14/14/0???????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????????? 
?????????????????????????????????????
???????????????????????????????????????
???????????????? AIAA Journal of Spacecraft and Rockets???????
??(???)? 
 5
?? 
Lw
A
A’ B
B’
C
C’D
D’
Lw
Lh
Local Horizon
i
A Z : A BCD
A Z':A 'B 'C 'D '
 
Fig. 1 Access coverage zone. 
 
Fig. 2 Distributions of maxoΦ  and oMΦ  vs. β . 
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Fig3 Gmax and Gmean of the 12/12/F, 13/13/F, and 14/14/F constellations. 
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Fig. 4 Access coverage gaps of the 0/14/14  constellation 
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Fig. 5 Φ0 max of multicameras sets with different setup angles. 
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Fig. 6 Latitude band Bs that satisfies both the imaging and coverage requirements. 
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Fig. 7 Typhoon track of Toraji. The dashed-line area, wB , is defined as the warning area. 
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Table. 1 Simulation to observe typhoon Toraji. The “-” and “+” at last column represent 
descending and ascending respectively. 
No. of acquiring 
images 
Access started (hr) Access stopped(hr)
1gθ  of target 2gθ  of target 
No. of Access 
Satellite 
1 0.6669 0.83361 126.92 16.53 -13 
2 1.6669 1.8336 126.92 16.53 +7 
3 2.3669 2.5336 126.92 16.53 -14 
4 3.3669 3.5336 126.92 16.53 +8 
5 4.0336 4.2003 126.92 16.53 -1 
6 5.0336 5.2003 126.41 16.724 +9 
7 5.7336 5.9003 126.33 16.755 -2 
8 6.7336 6.9003 126.21 16.799 +10 
9 7.4003 7.5669 126.14 16.829 -3 
10 8.4003 8.5669 125.02 16.873 +11 
11 9.0669 9.2336 125.94 16.903 -4 
12 10.1 10.267 125.82 16.949 +12 
13 10.767 10.934 125.74 16.979 -5 
14 11.767 11.934 125.63 17.023 +13 
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…
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…
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…
…
 
112 89.133 89.3 118.6 25.915 +2 
113 89.733 89.9 118.55 25.975 -9 
114 90.833 91 118.45 26.085 +3 
115 91.4 91.567 118.4 26.142 -10 
116 92.5 92.667 118.31 26.252 +4 
117 93.1 93.267 118.25 26.312 -11 
118 94.2 94.367 118.16 26.422 +5 
119 94.767 94.933 118.11 26.479 -12 
120 95.867 96.033 118.01 26.589 +6 
121 96.467 96.633 117.99 26.665 -13 
122 97.567 97.733 117.95 26.812 +7 
123 98.133 98.3 117.93 26.887 -14 
124 99.233 99.4 117.89 27.034 +8 
125 99.833 100 117.87 27.114 -1 
126 100.9 101.07 117.84 27.256 +9 
127 101.5 101.67 117.82 27.336 -2 
56max =G minutes       638.37=meanG  minutes 
 
